Resonant formation of mesomolecules in the mixture of hydrogen isotopes plays a key role in muon catalyzed fusion [1] . In the standard theory the rate of this process is calculated in the first order of perturbation theory, and perturbation potentialV is calculated only in dipole approximation [2, 3] . The finite width of the resonance [4] and the anharmonism of the potential [5] contribute essentially to the result. In the formation of the mesomolecule the most important perturbation is the shift of the deuteron ion in respect to the centre of mass [6, 7] :
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Here U (ρ) is the 1 Σ g term of the DX mesomolecule (X = H, D, T ); ρ is the distance between d + and X + ions, R is the distance between mesoatom and d + inside the mesomolecule, parameter β 2 (which depends on mass ratios) is β 2 =0.5-0.6. The potential U (ρ) is calculated in Born-Oppenheimer approximation (infinite mass of nuclei) and corrections to the finite nuclei mass are known to be small [8] .
Dipole interaction is only the first term of the multipole expansion for potential of Eq. (1). Meanwhile, the expansion parameter appears to be not a small number. Indeed, this parameter is equal to the ratio of
35. For this reason the next (quadrupole) term of the multipole expansion changes formation rate significantly.
In Ref. [7] we developed a method which does not make use of the multipole expansion -the potential of Eq. (1) is taken into account exactly. We do not need the wave function of the mesomolecule, it is enough to know only its asymptotics. This is due to the fact that in the loosely bound mesomolecules dyµ (v = J = 1; y = d, t) the mesoatom (yµ) 1s is located in the average at large distances from the deuteron and hence one can neglect their interaction. Only exact binding energy |ε 11 | and constant C dyµ which enters the asymptotics of the wave function [9] are required for the calculation of formation rate. At the moment the binding energy |ε 11 | is known with accuracy of the order of 1 meV. The most accurate values of the constant C dyµ are obtained in Ref. [10] .
On the basis of the method developed in [7] we elaborated the computer code designed for the calculation of mesomolecule formation rates [11] . The subroutine MATEL of the code solves the Schrödinger equation with potential U (ρ) for DX-molecules and mesomolecular complexes (MMCs). It determines the energy levels with different vibrational (ν) and rotational (K) quantum numbers and also calculates their wave functions. On the next stage the code calculates the matrix elements ν i , K i , F |V |ν f , K f , S where F is the spin of the original mesoatom and S is the spin of the mesomolecule. We need to know something like 200 matrix elements and their dependence on the energy. The code calculates also the position of all resonances below and above the threshold. Next subroutine (SPEED) sums up all Breit-Wigner resonance contributions to the probability of mesomolecular complex formation λ
F →S F
and translates them from the centreof-mass frame to the lab. one: [12] . In the spirit of the Bohr theory of compound nuclei, we consider the decay of mesomolecular complex as being independent of the channel by which it was formed. Therefore in order to obtain the rate of formation we have to multiply λ F →S F (E L , T ) by the ratio Γ r /Γ t where Γ t is the total and Γ r is the partial reaction width (Γ f for the fusion, Γ S→F ′ BD for the back decay, and so on). One has to average the values of λ F r (E L , T ) over the spectrum of mesoatoms f (E L ).
For the mesoatom spin F = 0 we calculated the rates of resonant formation and fusion in reactions (tµ) 0 +D 2 and (tµ) 0 + DH at moderate gas density, when one can neglect rescattering of the MMC on the gas molecules [12] . In this case the decay of the MMC occurs from the state where it was formed. At small T the fusion rate is determined by underthreshold resonance with the energy E r = −14 meV: as a function of the temperature T at F = 0 exact (solid curve) and in the approximation of zero width of resonances [13] . Experimental point was measured at the density of equal to 1% of the density of liquid hydrogen.
temperature dependence for the rate of ddµ formation (Fig. 2) . Let us notice that, if one takes account of resonances above the threshold only (dashed line in Fig. 1 ), then the rate of formation restores its strong temperature dependence. Also let us point out that dipole approximation overestimates the matrix element of Eq. (1) more than 3 times [7, 12] .
We plot on the Fig. 1 the single known experimental point. For the first time without any fitting parameter we reach the agreement with data on the level of 15% [13] . The disagreement of previous models with data in the dtµ case was pointed out in a number of papers.
The other limiting case when the collision width is much larger than all other widths takes place for the resonant formation of ddµ-mesomolecules in D 2 -gas [14] . After formation of the mesomolecular complex in the state with rotational quantum number K f it can be changed due to collisions to some new K At Fig. 2 we plot also recent experimental data of Ref. [16] which were obtained for the non-equilibrium mixture of ortho-and para-deuterium in the ratio of 2 to 1 (independent of T ). In such a non-equilibrium gas due to the extra inelastic acceleration of mesoatoms on para-deuteuriums (which are excited by 7.4 meV), the mesoatom spectrum f (E L ) below ≈ 70 K should decrease with E L considerably faster than the equilibrium Maxwell spectrum f M (E L ). Meanwhile in our paper [15] the fusion rate of Eq. (2) was averaged over f M (E L ) spectrum. For this reason it makes sense to compare the results of Ref. [15] with data only at temperatures T > 70 K. The calculation (taking into account non-resonant formation of ddµ [17] ) based on purely theoretical values of all quantities, reproduces the data on the level of 10%. The accuracy of our calculations is limited mainly by insufficient accuracy of the estimation of fusion width Γ f = 460(70) µ sec −1 [18] . If one uses Γ f as a single fitting parameter it is Let us compare our results with calculations of Refs. [16, 19] . These calculations coincide with the data only if one introduces an additional fitting parameter |C matr | 2 = 0.56 which is used as factor to multiply all transition matrix elements squared. In other words, this approach overestimates λ F f by a factor of 1.8 (see Table 1 ). In our calculations this fitting parameter is absent. The discrepancy between the data and our calculations in the region of T < 70 K (up to 14% at T = 28.3 K) can be, in our opinion, attributed to the distortion of the spectrum f (E L ) due to the mesoatom acceleration in non-equilibrium medium. This new effect awaits for calculation.
Thus the theory of the mesomolecule resonant formation [2] - [4] by Vesman mechanism developed in Refs.
[2]- [4] and improved significantly in Refs [7, 11, 12] describes now the data with sufficient accuracy (see Figs.  1,2) .
